Introduction {#Sec1}
============

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) \[[@CR1]\]. It was identified in December 2019 in Wuhan, China, and has evolved into a global health crisis. The full spectrum of SARS-CoV-2 infections in humans is not fully understood yet, but is being heavily studied. Patients with previously established comorbidities such as heart failure (HF) are at a particularly high risk of morbidity and mortality from this viral infection. In this review, we explore the risks associated with COVID-19 infection in HF patients and address unique aspects related to HF management in the acute and chronic settings when complicating the infection itself.

Heart failure patients and the risk of COVID-19 infection {#Sec2}
=========================================================

In addition to older age, chronic comorbidities increase the risk of severe COVID-19 infection as well as its fatality. The overall global mortality rate of around 6.9% in COVID-19 is already significantly higher than that reported for the seasonal flu \[[@CR2], [@CR3]\] This becomes particularly concerning for patients with existing cardiovascular disease who generally experience worse prognosis and a mortality rate of over 10% in some reports \[[@CR4]\]. Based on earlier analyses, cardiovascular disease (CVD) was statistically more prevalent in patients who die from the infection; a recent study from China that included 416 patients showed that 19% had signs of previous cardiac damage (defined as blood levels of cardiac biomarkers, namely high-sensitivity troponin I (hs-TNI) above the 99th-percentile upper reference limit of normal) and these patients were significantly more likely to experience mortality (51.2% vs 4.5%; *P* \< 0.001) \[[@CR5]\]. A more recent large global observational study that included 169 hospitals from three continents and close to 9000 patients found coronary artery disease and congestive heart failure (mortality of 15.3%, vs. 5.6% among those without heart failure; CI, 1.62 to 3.79) as independent predictors of in-hospital death \[[@CR6]\].

HF patients are at especially increased risk due to their reduced immunity, general frailty, and reduced hemodynamic ability to cope with more severe infections. It was reported that in HF patients, monocytes seem to produce more TNF-α and less IL-10 than healthy subjects \[[@CR7]\], which in combination with the widespread systemic inflammatory response associated with severe COVID-19 infections requires enhanced cardiac performance and high cardiac output, something that HF patients are generally incapable of.

Clinical and hemodynamic implications of COVID-19 infection in HF patients {#Sec3}
==========================================================================

Exacerbation of chronic HF {#Sec4}
--------------------------

Lessons from the previous coronavirus and influenza epidemics suggest that viral infections can exacerbate a preexisting HF, with multiple studies showing an increase in HF re-hospitalization during influenza-like illness seasons \[[@CR8]\]. With the more aggressive COVID-19 infection, HF patients are at a considerable higher risk of acute exacerbations, and multiple mechanisms may be responsible for triggering and aggravating this process (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1COVID-19 and heart failure

Acute infections result in the release of proinflammatory cytokines and the recruitment of proinflammatory macrophages and granulocytes, leading to a severe inflammatory storm which may exaggerate the initial injury \[[@CR9]\]. In combination with the increased metabolic demand, this can lead to cardiac depression and either new-onset HF or acute decompensation of chronic HF \[[@CR10]\]. Another contributor to cardiac depression could be the coagulation dysfunction induced by the sepsis \[[@CR11]\]. Intensive care studies with COVID-19 patients from multiple European centers have shown high rates of coagulation abnormalities and thrombotic events \[ [@CR12], [@CR13]\]. In another retrospective analysis from New York hospitals that included over 2000 critically ill patients, systemic anticoagulation was associated with prolonged survival particularly in mechanically ventilated patients \[[@CR14]\]. Specific patient tailored algorithms have thus been suggested utilizing intensified pharmacologic prophylactic or full dose anticoagulation based on clinical presentation and biomarkers \[[@CR15]\]. Close monitoring of anticoagulation in the LVAD population has also been recommended given the aforementioned high risk of thrombosis in this pandemic \[[@CR16]\].

It was also reported that in 15--29% of COVID-19 patients, the virus causes kidney impairment in the setting of acute kidney injury \[[@CR17], [@CR18]\], which may lead to volume overload that may exacerbate a preexciting chronic HF.

Heart failure as a manifestation of COVID-19 infection in previously healthy individuals {#Sec5}
----------------------------------------------------------------------------------------

New onset of HF was observed in as much as a quarter of hospitalized COVID-19 patients; and in as much as one-third of those admitted to the intensive care unit (ICU) \[[@CR17], [@CR19]\], despite not having a history of HF. This could be due to the direct effect of the virus or the systemic inflammation on the heart. Severe *acute myocarditis* can be a manifestation of the infection resulting in cardiogenic shock, which can then result in multi-organ dysfunction syndrome (MODS) and death \[[@CR20]\]. Moreover, the prothrombotic state previously discussed can result in pulmonary embolism and thus acute right ventricular failure. The use of temporary heart pumps such as the Impella may be useful in these scenarios.

Stress cardiomyopathy-like picture can also be seen due to the generalized inflammatory response and sympathetic activation, resulting in a more classic acute HF decompensation with elevated filling pressures and pulmonary edema \[[@CR21]\].

Hemodynamic and diagnostic implications in patients with COVID-19 {#Sec6}
-----------------------------------------------------------------

Elevated natriuretic peptides suggest HF with a worse prognosis of COVID-19 and warrant at least an echocardiogram to further assess cardiac function \[[@CR22]\]. If HF is present as part of the infectious process, optimizing loading conditions is critical. Minimal or very cautious use of IV fluids as well as inotropes rather than vasopressors is examples of how management can differ in these cases. When uncertain, hemodynamics are best assessed through pulmonary artery catheterization, especially if the diagnosis will change the management.

Markers of cardiac injury (CK-MB and Troponin) seem to rise significantly more in patients with CVD risk factors and are associated with significantly higher mortality. Multiple studies from Wuhan in China reported acute cardiac injury in 17--23% of the population, with overall worse prognosis and outcomes \[[@CR17], [@CR18]\].

Table [1](#Tab1){ref-type="table"} summarizes several studies from 3 continents (Asia, North America, Europe) that looked at the prevalence of preexisting cardiovascular comorbidities, septic shock, ICU admission, cardiac injury, and case fertility rate \[[@CR17]--[@CR19], [@CR23]--[@CR32]\].Table 1The prevalence of preexisting CVD, outcomes, and complications in patients with COVID-19 among studies from Asia, North America, and EuropeStudy*N*Preexisting CVD (%)Shock (%)ICU-admission (%)Cardiac injury (%)CFR (%)Wang et al. \[[@CR23]\]13814.58.7267.2-Zhou et al. \[[@CR17]\]191820261728Guan et al. \[[@CR24]\]10992.51.15-1.4Haung et al. \[[@CR25]\]41157311215Chen et al. \[[@CR26]\]9940423-11Fang et al. \[[@CR27]\]28188.32.211.5-3.7Yang et al. \[[@CR18]\]5210-1002338Grasselli et al. \[[@CR28]\]159121-100-26Docherty et al. \[[@CR29]\]20,13330.9 (5469/17702)-17 (3001/18183)-26Arentz et al. \[[@CR19]\]2142.9-10033.352.4Buckner et al. \[[@CR30]\]10538163219 (13/67)33Almazeedi et al. \[[@CR31]\]10963.70.63.6-1.7Javanian et al. \[[@CR32]\]10020\--1419*CVD* cardiovascular disease, *ICU* intensive care unit, *CFR* case fatality rate

Generally, the combination between HF and septic shock would lead to higher mortality rate of 70 to 90% when compared with 20% in septic patients without cardiovascular impairment \[[@CR33]\]. Available reports estimated that vasoactive agents were required in 35% of the patients in a study from China and up to 67% of the critically ill patients in a study from the USA, although most of them did not present with evidence of shock \[[@CR18], [@CR19]\].

Furthermore, a careful clinical assessment of signs of hypervolemia or hypoperfusion is important in all COVID- 19 patients. In the case of cardiogenic shock requiring advanced therapy, it potentially means veno-arterial as opposed to veno-venous cannulation. Recently, cardiogenic shock was reported by Fried et al. as a complication during the treatment of COVID 19-related respiratory failure by veno-venous extra-corporeal membranous oxygenation (VV-ECMO), in which more advanced circulatory support with a low flow veno-arterial cannulation was required, highlighting the possible efficacy of such relatively low level of circulatory support without inducing LV distension in patients with COVID-19-related cardiopulmonary shock \[[@CR34]\]. On the other hand, the severe respiratory illness induced by COVID-19 (Acute respiratory distress syndrome (ARDS), parenchymal lung disease) may lead to pulmonary hypertension and subsequent right-sided HF \[[@CR35]\]. Most importantly, multi-disciplinary approach to these patients with collaboration between HF cardiologists, cardiac surgeons, and intensivists is invaluable. Finally, it is important to be aware of the risk of transmission and exposure at times of a pandemic and thus only perform imaging and laboratory testing when indicated.

Figure [2](#Fig2){ref-type="fig"} summarizes an approach to COVID-19 patients with evidence of myocardial injury \[[@CR36]\].Fig. 2Suggested approach to the management of COVID-19 patients with evidence of myocardial injury

Heart failure medications in the setting of COVID-19 infection {#Sec7}
==============================================================

COVID-19 mechanism of cellular entry has implicated an important class of medications that are part of the Guideline Directed Medical Therapy (GDMT) for heart failure with reduced ejection fraction (HFrEF). Similar to the previously known respiratory coronaviruses, SARS-CoV-2 spike glycoproteins bind to angiotensin-converting enzyme 2 (ACE2) receptors on the cell's outer surface \[[@CR37]\]. These receptors are largely in the lungs and small intestines, but have also been reported to be present in the heart \[[@CR38]\]. With the emergence of the current pandemic, this known pharmacology led to several editorials and media reports questioning the associated risks in patients taking ACEI/ARB or suggesting that patients should prophylactically stop taking these medications \[[@CR39]\]. Such concerns stem from the theory that patients on these medications are likely to have upregulated ACE2 receptors and thus are more prone to viral uptake or worse outcomes if they contract the infection.

The interplay of the virus with the ACE2 receptor and ACEI/ARB medications is rather more complex than a pharmacologically induced overexpression of a receptor and a resultant more viral susceptibility. First, while ACE and ACE2 are similar their active sites are different and they do not directly affect each other's activity. Data from animal and human models are conflicting regarding the effect of ACE or even ARBs on the expression and activity of ACE2 \[[@CR40]--[@CR42]\]. Second, we still do not have data on the effect of these drugs on lung-specific expression of ACE2. In addition, even if we assume that RAAS inhibitors upregulate ACE2 levels, we do not have data to conclude that this will predispose to more entry of the virus in humans. Through converting angiotensin II to angiotensin 1--7, ACE2 in fact partially reverses the effects of the RAAS and its known detrimental outcomes in not only HF (vasoconstriction, myocardial remodeling) but also its potential role in inducing acute lung injury; therefore, attenuating the effects of an overactivated RAAS. This downregulation of RAAS has been used to explain the benefits of ACE2 in protection from severe lung injury in animal models \[[@CR43], [@CR44]\]. In a recent case series that included 363 hypertensive patients hospitalized with COVID-19, exposure to ACEI/ARB did not affect worsening disease or mortality \[[@CR45]\]. In fact, there are currently ongoing randomized controlled trials to explore a potential benefit for losartan in hospitalized and non-hospitalized COVID-19 patients \[[@CR46], [@CR47]\]. A number of physician groups and professional societies recently considered the available data and the well-documented effect of discontinuing ACEI/ARB therapy and advised against changing clinical practice for the purpose of mitigating the pandemic and recommended to continue treatment based on standard indications \[[@CR48]\].

COVID-19 suggested medications and their possible interaction with HF population {#Sec8}
================================================================================

Based on in vitro data and a controversial recent trial, hydroxychloroquine has gained widespread adoption as part of institutional protocols to manage the COVID-19 infection \[[@CR49], [@CR50]\]. Both chloroquine and hydroxychloroquine block a potassium channel that can prolong the QTc and has been implicated in cases of torsades de pointes (TdP) and sudden cardiac death. This will become particularly relevant if combined with the other currently suggested treatments including the QTc prolonging azithromycin and lopinavir/ritonavir (all three medications are on CredibleMeds QTc prolonging list) \[[@CR51]\]. While favipiravir has only been associated with QTc prolongation at high doses used to treat Ebola virus and not the current doses used for treatment in this pandemic, careful monitoring is still warranted given the relatively inadequate clinical experience with this agent \[[@CR52], [@CR53]\]. HF patients can be at particular risk for sudden cardiac death in the setting of the structural heart disease itself. This is in addition to being on concomitant proarrhythmic agents in advanced stages, as well as the high prevalence of antiarrhythmics and other concomitant medications that can pause challenging drug-drug interactions and in some cases, increase the chances of QTc prolongation. In fact, many hospitalized HF patients are likely to be categorized as medium to high risk based on the Tisdale score, which is a validated risk score to predict drug-associated QTc prolongation \[[@CR54]\], this is due to several factors that include the disease state itself, being on a loop diuretic, frequent electrolyte abnormalities, and the aforementioned high prevalence of concomitant QTc prolonging medications. Moreover, heart failure patients on advanced therapies may also be on medications that interact with suggested COVID-19 regimens. For example, patients with left ventricular assist devices (LVAD) are generally on anticoagulation therapy with a vitamin k antagonist (VKA) such as warfarin. This can pose a drug-drug interaction with the some of the COVID-19 antivirals. In addition, patients who are post-heart transplantation will also be on an immunosuppressive regimen that is metabolized through some of cytochrome p450 enzymes that are inhibited by the antivirals. Table [2](#Tab2){ref-type="table"} summarizes selected drug-drug interactions between the suggested COVID-19 medications and potential cardiovascular and transplant medications that are commonly used in HF and transplant patients \[[@CR55], [@CR56]\].Table 2Potential interactions between COVID-19 regimen and commonly used HF and transplant medicationsSuggested COVID-19 medicationPotential HF and transplant patient medicationInteractionHydroxychloroquineBeta blockersHydroxychloroquine inhibits CYP2D6 increasing beta blocker concentration ➔ monitor for bradycardia and AV blockAntiarrhythmic medications (amiodarone, dofetilide)Higher risk of QTc prolongation and TdPCyclosporineHydroxychloroquine may increase serum concentration of cyclosporine through unknown mechanismsDigoxinHydroxychloroquine may inhibit p-glycoprotein-mediated digoxin transport ➔ may increase digoxin concentrationLopinavir/ritonavir (Lpv/R)Antiarrhythmic medications (amiodarone, dofetilide)Lpv/R inhibits CYP3A4 ➔ increase in antiarrhythmic concentration, side effects, and QTc prolongationEplerenoneLpv/R inhibits CYP3A4 ➔ increase in concentration of eplerenoneIvabradineLpv/R inhibits CYP3A4 ➔ increase in concentration of ivabradineCyclosporineLpv/R inhibits CYP3A4 ➔ increase in concentration of tacrolimusTacrolimusLpv/R inhibits CYP3A4 ➔ increase in concentration of tacrolimusWarfarin (VKA)Lpv/R may decrease VKA concentration through induction of metabolism (CYP2C9) and other uncertain mechanisms

Caring for HF patients while minimizing the risk of COVID-19 infection {#Sec9}
======================================================================

Care pathways and delivery {#Sec10}
--------------------------

### Remote monitoring {#Sec11}

The Heart Failure Society of America released a statement addressing how the care for HF patients has changed in the era of the COVID-19 pandemic \[[@CR57]\]. Outpatient clinic visits are reduced in order to minimize patients' exposure and transmission of the disease. This is paralleled by establishing virtual visits through video calls to ensure that the wide spectrum of HF patients and even mechanical circulatory support and heart transplant are still followed up properly and safely. This type of patients' follow-up represents a win-win situation for both physicians and patients in the setting of a pandemic, and seems to be associated with better compliance with follow-up appointments. Gorodeski et al. evaluated no-show rates of HF patients in the HF clinic 7 days post-hospitalization and compared personal with virtual visits rates of 51% versus 34.6%, respectively. No significant differences in hospital readmission, emergency room visits, or death were observed between the two groups \[[@CR57]\]. Although full physical examination cannot be conducted through virtual visits, it is feasible to inspect for clinical signs of volume overload such as lower extremity edema, or even jugular venous distention, which have been previously reported to correlate with invasive monitoring \[[@CR58]\]. When these are accompanied with home monitoring and charting of daily weights and vitals including heart rate, blood pressure and oxygen saturation can all aid in assessing symptoms as well as guide any potential medication adjustments and up-titration. More assessments could be done, including exercise intolerance and NYHA functional classification.

Another technology that can potentially be of particular benefit at unprecedented times such as during this pandemic is remote monitoring of pulmonary artery pressure through technologies such as CardioMEMS (St Jude Medical, Inc.) or other similar implantable sensors. Pressure guide, physician-directed, patient self-management has been previously shown to not only reduce heart failure related hospitalizations but also lead to higher frequency of medication adjustments including neurohormonal antagonists \[[@CR59]\]. The availability of this technology, as well as adapting to it, can be challenging in certain age groups or populations.

A recent Danish nationwide database that compared the incidence of new-onset HF and hospitalizations for HF before and after the lockdown for COVID-19 reported a significantly lower incidence during the lockdown period \[[@CR60]\]. This raise concerns that HF patients who absolutely need medical attention may be avoiding it in fear of contracting the virus. Moreover, continued access to in-person visits and use of intravenous diuretics when necessary are essential to prevent decompensation despite existence of telemedicine or other strategies \[[@CR61]\]. Therefore, it is important to raise awareness on the importance of seeking medical attention including hospital care or referral to heart failure specialists when necessary even during the pandemic.

### Heart failure and self-care behaviors {#Sec12}

In the era of a pandemic, and with emphasis on social distancing, the importance of self-care for HF patients is more than ever. Hospitals confer a higher risk of infections, and hospitalizations for HF carry a worse long-term prognosis. Adherence to medications and low-salt diet can be the difference maker in this regard. Careful attention to symptoms as well as daily weights can alert patients, family members, and healthcare providers to early worsening of chronic HF, leading to early adjustments that can keep them safely out of the hospital.

In addition to these self-care behaviors, community and institutional pharmacies can play a role by providing mail order or home delivery services of medications. This can result in less unnecessary exposure of the patient to the community. Another example is anticoagulation monitoring for patients who are on vitamin k antagonists and require blood checks. Creative approaches to such patients including lab draws followed by telemedicine or even drive through international normalized ratio (INR) checks are all strategies that can avoid physical clinic visits and potentially reduce risk of exposure particularly for high-risk patients. Drug shortages have also been a concern in this pandemic, and pharmacists can play a role by assuring patients, designing strategies to ensure appropriate use, and providing alternatives through discussions with physicians when necessary \[[@CR62]\].

Unique populations {#Sec13}
------------------

### Heart transplant patients {#Sec14}

Generally, infections are always a concern in post-heart transplantation given the need to use immunosuppression to prevent rejection and preserve graft function. While immunosuppression increases the likelihood of developing viral infections such as cytomegalovirus and herpes, acute respiratory viral infections are less pronounced \[[@CR63]\]. To date, it is unclear if heart transplant patients are at increased risk of acquiring the novel virus. In a small study from China \[[@CR64]\], Ren et al. observed 87 heart transplant recipients during the pandemic and found that only four of them had upper respiratory infections, which were unrelated to COVID-19 in most of these patients. It is very likely that the perceived risk of infection in these patients led them to proactively use measures that can limit the transmission of the virus, such as wearing a mask for example.

When infected by the virus, immunosuppression may influence the typical clinical presentation of COVID-19 patients who are also heart transplant recipients, resulting in unusual symptoms such as gastrointestinal manifestations \[[@CR65]\]. However, it was reported in many cases around the world that clinical manifestations were similar to what has been encountered in non-immunosuppressed patients with COVID-19 \[[@CR34], [@CR66]\]. The clinical picture in reported cases from China was accompanied by mild to severe symptoms at presentation, typical imaging findings, and identical laboratory findings with the exception of higher C-reactive protein (CRP) and lower lymphocyte counts compared with non-heart transplant patients. Reported cases from a European transplantation center showed that solid organ recipients with COVID-19 had a more severe clinical course and high complications rates when compared with the general populations \[[@CR65]\]. Additionally, COVID-19 infection with myocarditis in a heart transplant recipient can mimic acute allograft rejection. Noninvasive tests like gene profiling or donor-derived cell-free DNA can help differentiate the two entities \[[@CR67]\]. A recent case series of 28 heart transplant recipients and a confirmed diagnosis of COVID-19 from New York reported an alarmingly high casa fatality rate of 25%. However, it is important to note here that the median age of these patients was 64 years (interquartile range (IQR), 53.5--70.5 years) and more than half of them already had cardiac allograft vasculopathy (CAV). The approach to treatment followed in these patients included reducing immunosuppression in most of these patients \[[@CR68]\]. This also brings up the question as to the best strategy of treatment for this unique population.

The International Society for Heart and Lung Transplantation (ISHLT) guidelines suggest holding the immunosuppressive drugs like mycophenolate mofetil or azathioprine in moderate to severe presentations of COVID-19 \[[@CR69]\]. For COVID-19 survivors on the waiting list, it is crucial to obtain two negative tests after a 14-day interval post-diagnosis in order to proceed with transplantation under special considerations according to the acuity of the disease and organ availability.

For donors, current ISHLT recommendations support testing for the novel virus if the test is available. Donors should be excluded if the test is positive or if they have imaging findings suggestive of viral pneumonitis, which can sometimes precede symptoms and even the positive PCR test. Moreover, current concerns about nosocomial transmissions warrant a second test for previously negative tested donors when organ recovery starts \[[@CR70]\].

### Ventricular assist devices {#Sec15}

Although cellular immunity was reported to be compromised among long-term LVAD recipients, \[[@CR71], [@CR72]\] there is no clear evidence suggesting that they are at increased risk of acquiring the virus. It is also known that the inflammatory profile is significantly altered in HF patients supported by LVAD therapy, who generally have elevated cytokines \[[@CR73]\]. This should be taken into consideration when clinically evaluating LVAD patients presenting with COVID-19 or utilizing their inflammatory and cardiac biomarkers for treatment or prognosis.

Although cardiac output provided through the assist device theoretically remains steady even in the setting of a systemic infection, optimizing preload and afterload is very important to sustain it. If hemodynamics are compromised, various LVAD-related complications can ensue, including right ventricular failure and pump thrombosis, as well as low flow and suction events \[[@CR74]\].

Early case reports of COVID-19 infections in LVAD patients highlighted refractory hypoxemia leading to tracheostomy, and right ventricular failure leading to multi-organ dysfunction \[[@CR75], [@CR76]\]. An important management issue in these cases was the limited implementation of prone ventilation, a technique known to be beneficial in managing ARDS with a refractory hypoxemia, due to fears that the outflow graft and/or the driveline may be compressed in such position, or that it would impair venous return, thus worsening RV hemodynamics resulting in progressive HF.

Conclusion {#Sec16}
==========

Heart failure is common and may be encountered de novo as part of the clinical course of COVID-19 or in those with preexisting cardiac disease. It is thus imperative to understand the diverse interactions between this disease state and the virus to optimize the management of these patients. A multi-disciplinary approach that involves members of the heart failure team may result in optimal understanding and management of chronic heart failure patients including those on advanced therapies in the context of this pandemic.
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